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: CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can

. be converted to metric (SI) units as follows:
Multiply By To Obtain
Gallons per minute 3.785412 Cubic decimeters per
minute

Gallons (U.S. liquid) 3.785412 Cubic decimeters




ALGORITHM FOR DETERMINING THE EFFECTIVENSS
OF WATER CONSERVATION MEASURES 4

1.0 INTRODUCTION

. 1.1 Background

E In the past, water utilities have generally emphasized con-

servation only on an emergency basis such as during pro-
< longed droughts or when key facilities have been disabled.
However, there is now increasing recognition that full time
water conservation programs may be economically attractive _
since capital expenditures may be avoided or postponed if wa- ’;
ter demands, and hence design flow rates, can be significant- :
ly reduced. Thus, a concentrated effort is under way to make
water conservation an integral part of many water supply 4
planning programs. |

The United States Army Corps of Engineers (CE) has initiated
a major research and development effort in water supply. [
Two elements of this program are the Water Supply System De- ;
sign and Methodology for Areawide Planning Studies (MAPS)
work units being zonducted at the CE Waterways Experiment
Station in Vicksburg, Mississippi. Specifically, these work
units have as their objectives improving the capability of
CE personnel to plan, design, and operate water zupply facil-
ities. As part of this work, a versatile and comprehensive
computer program (called MAPS) that may be used in planning,
evaluating, and designing water supply projects has been de-
veloped, tested, and verified.

i

MAPS is quite large (about 18,000 cards), but is modular in [
nature and is designed so that the user need have no pre-

vious experience in computer programming. These features,

coupled with the conversational, interactive operating mode

employed, make MAPS very easy to use. Presently, the pro-

gram may be used to design and estimate costs for a variety E
of water supply facilities, simulate and analyze water dis- | 8
tribution networks, and estimate costs associated with imple- !
mentation of several water conservation measures.

sk

1.2 Purpose

The purpose of the work reported herein was to develop an
easy to use algorithm, or procedure, for estimating reduc-
tions in water use that may be expected when conservation
measures are implemented. The algorithm developed conforms
fully to the general procedures already adopted by the Corps |
of Engineers (IWR CR 80-1; Source #169 in Part 7), may be
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used to estimate water use reductions resulting from imple-
mentation of a large number of conservation measures and com-
binations of measures, and is designed so that it may be
easily programmed as a new MAPS module. Once the algorithm
is incorporated into MAPS, users will be able to rapidly con-
sider a wide variety of design alternatives and determine the
impacts that various 1levels of water conservation will have
on the sizes of costs of specific water supply facilities.

1.3 Overview

The development and description of the water use reduction
algorithm are documented in this report. Part 2 presents an
overview of the technical approach utilized and a discus-
sion of the appropriate use of the procedure in specific cir-
cumstances. The terminology used, input data required, spec-
ific methodologies employed, options available, and the out-
put that can be obtained are described in Part 3. 1In addi-
tion, each water conservation measure included in the algor-
ithm is discussed in detail. 1In Part 4, a detailed ration-
ale is presented for each component of the algorithm. The
verification of the algorithm is discussed in Part 5, and il-
lustrative examples are presented in Part 6. A bibliography
of the pertinent literature is surveyed in Part 7.

1.4 Caveat

The effectiveness of any water conservation program is some-
what dependent on site-specific conditions. Therefore, the
user of the report should exercise considerable caution in
applying the numerical values for reduction, coverage, and in-
teraction factors presented in this report to a specific
water supply study. It is strongly recommended that the us-
er first try to locate data on conservation effectiveness
relevant to the particular study area. If such data are not
available, the user should then carefully examine and con-
sider the information presented in this report. Only those
values developed for circumstances and conditions similar to
those existing in the study area should be used. Unfortu-
nately, in many cases, literature values vary over a consider-
able range. Therefore, it is imperative that the user be
able to present a sound rationale justifying whatever numeri-
cal values are used to calculate conservation effectiveness.
It is not sufficient to simply state that "typical" values
were used.

- p—

s b s e




To serve this purpose, detailed references are given so that
the user can go to the source of the data to ensure that the
values selected are appropriate. For this reason, all reduc-
tion, coverage, and interaction factors found in the litera- {
ture are presented in this report, not just "average" or
"typical™ values. The user may also, for example, wish to
k be conservative in using those reduction, coverage, or inter-

action values based on theoretical considerations since
values generated by this means are sometimes overly optimis-
tic.
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2.0 TECHNICAL APPROACH

The water conservation effectiveness module developed by
this effort provides a methodology which can be used as a
"planning tool" to calculate the effect of various water con-
servation measures on the otherwise unrestricted water use
by a community or utility. The optimal use of this module
would be for the user to provide site-specific data on the
reductions to be achieved and coverage to be applied in the
application being studied. It must be emphasized that there
is no substitute for using the most appropriate information
available that is pertinent to the specific circumstances be-
ing evaluated. Every effort to develop site-specific data
should always be pursued.

The work effort to develop an algorithm for determining the
effectiveness of water conservation measures consisted of
five elements. (1) The first element was the data collec-
tion phase, which consisted of an extensive 1literature
search and telephone survey to obtain as much pertinent and
up-to-date information as possible. (2) Then the available
data and case studies were synthesized and prioritized in
terms of their usefulness in developing the specific water
conservation factors for reduction, coverage, and interac-
tions between conservation measures. (These terms are de-
fined in the description of the conservation effectiveness
methodology in Part 3.) (3) The values of these factors (or
functions to determine these factors) which are used in the
algorithm were determined and organized into matrices from
which they could be accessed either by the MAPS system, or
manually if the algorithm is being applied by hand. (4) A
step-by~step algorithm was developed for ensuring that the
user can access the data and properly determine the effec-
tiveness of the desired conservation measures. (5) Finally,
illustrative examples and verification of the methodology
were presented to demonstrate its accuracy and applicabil-
ity.

The development of factors for the determination of the ef-
fectiveness of conservation measures depended upon the abil-
ity to prudently evaluate appropriate studies from the exist-
ing 1literature, supplemented by follow-up and additional
case studies obtained by direct contacts. By use of rapid
information retrieval systems, approximately 500 abstracts
of reports and articles related to water conservation were
obtained. From these initial abstracts a data base of 126
complete reports and articles was obtained, and served as
the primary source of information. These references are pro-

2-1
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vided in the bibliography in Part 7. In addition, there
were frequent telephone contacts with authors, water utility
officials, and researchers concerned with conservation meas-
ures to follow up on the primary sources or discuss addition-
al test cases.

The multitude of sources and the extreme variance of the
technigues used in the literature to describe results ob-
tained by conservation measures required that greater empha-
sis be placed upon data developed by more documentable meth-
ods. Thus, the information sources were checked and com-
piled in accordance with priorities developed to identify
the most appropriate data. Studies that provided compari-
sons of water use "with and without" conservation measures
were preferred over surveys relying upon evaluations "before
and after" the enactment of measures as the former is a di-
rect comparison of the effect of a measure while the latter
involves the possible development of interferences through
variations of indirect factors over time. Another factor
that was given priority in evaluating the importance of da-
ta sources was the preference for studies considering the ac-
tual implementation of conservation measures over theoreti-
cal derivations. Practical and field determinations of wa-
ter use and device reductions were emphasized in preference
to laboratory testing. A priority ranking system, described
in Part 4.2, was developed to incorporate these preferences
into a systematic system giving greater weight to more
appropriate data.

From the prioritized data sources the values or variables
for the reduction, coverage, and interaction values were de-
termined. These were arranged into matrices that allow the
conservation effectiveness methodology to properly access
the required factors by the conservation measure, water use
type, and flow dimension required. Although all values de-
termined were examined for their reasonableness, the need to
emphasize the preference for site-specific data in any appli-
cation must always be considered.

A step-by-step methodology for determining the effectiveness
of the conservation method was developed and is described in
Part 3 and illustrated in Figure 3-1. This procedure en-
sures the proper input of the required data by the user; the
proper accessing of the values or variables within the reduc-
tion, coverage, and interaction matrices; and the correct
computation of effectiveness for the desired conditions.

SEE——
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For illustration, the methodology as described in Part 3 has
been provided in terms of a manual computation by the user ]
with indications of required input data at the time of de-
scribing the calculation or step for which the data will be
used. It should be noted that in the conservation effective-
ness module all input data will be provided by the user ini-
tially and then the algorithm will be executed in the order
indicated.

Finally, illustrative examples of the use of the methodology
were developed to show its feasibility in practical situa-

. tions. Specific test cases to illustrate all aspects of the
algorithm were developed. These were supplemented by includ- s
ing specific actual conservation cases to provide a direct
comparison of the calculated result using the algorithm with
actual water conservation data.

—




3.0 WATER CONSERVATION EFFECTIVENESS

3.1 1Introduction

The MAPS water conservation effectiveness module calculates
the reduction in unrestricted water use as a result of the
implementation of individual water conservation measures or
a water conservation program including several conservation
measures. The user must indicate the measures to be consid-
ered and such items as the time period to be evaluated, the
flow dimension and water use sectors to be considered, and
the 1level of a conservation program that will be carried
out. (Coverage factors for modest, moderate, and maximum
programs are provided or the user may override these with
other data.) In addition, more specific information, such
as rationing goals, price ratios, elasticity, and rate of
new construction may be required for specific conservation
measures.

3.2 Definitions

3.2.1 Effectiveness, EFFi

jkt

The effectiveness of a water conservation measure i, for
water use sector Jj, and dimension k, at time t is the
reduction 1in water wuse or loss resulting from the
implementation of that measure. Similarly, the
effectiveness of a conservation program combining several
conservation measures would be the total reduction in water
use and loss for a dimension for all water uses resulting
from the combined action of all measures.

The mathematical definition of effectiveness may be given
by:

= * *
EFF;jxe = FLOWgxe ™ REACT; jpe * COVER; gp¢ (Eq.3-1)
where:
EFF effectiveness;

FLOW

the predicted unrestricted water use for use
sector j, dimension k, at time t (The units of
flow in the conservation effectiveness module
are in MGD although any volumetric flow units
can be used as long as they remain consistent
for all input.);




RFACT = the fractional reduction in water use or loss
expected to result from measure i for use sec-
tor j and dimension k at time t; and

COVER = the coverage of measure i in use sector j for

dimension k at time t.

The combined effectiveness of a number of measures is not
necessarily equal to the sum of their individual effects.
The combined effectiveness of two measures whose individual
effectiveness are given by:

EFFl FLOW * RFACT, & COVERl (Eq. 3-2)

EFFZ FLOW * RFACT, = COVERZ (Eq. 3-3)

where EFF1>EFF2, can be expressed as:
EFF12 = EFF1 + ACle ] EFFZ (Eq. 3-4)

Here ACT is the interaction factor for measure 2 added
to measugg 1. FLOW, RFACT, COVER, and ACT are further de-
fined in this section.

The percent effectiveness is the effectiveness determined
for a water use sector or dimension as a percent of the unre-
stricted flow for that sector or dimension.

3.2.2 Unrestricted Water Use, FLOWjkt
This is the water use predicted in the absence of any conser-
vation measures. Its knowledge and disaggregation with re-
spect to the water use sectors are prerequisites to the esti-
mation of effectiveness.

3.2.3 Water Use Sector

All water use, either unrestricted or with conservation, may
be disaggregated into certain classifications, called water
use sectors. For the purposes of the MAPS conservation ef-
fectiveness module, six water use sectors have been defined
which, when all are used in an analysis, equal the total wa-
ter use for a community under study. These six water use
sectors include interior residential, exterior residential,
commercial, industrial, public, and unaccounted-for water
uses.




3.2.4 Dimension

A dimension of water use is a flow rate corresponding to a
specific condition. For example, the flow rate that corres-
ponds to the average quantity of water supplied to a commun-
ity over a twenty-four hour period is the average daily flow
dimension. The MAPS conservation effectiveness module al-
lows consideration of three dimensions: average daily flow,
peak daily flow, and peak hourly flow.

3.2.5 Fractional Water Use Reduction, RFACTijkt
The fractional reduction in water use is the ratio of the re-
duction in water use resulting from the institution of a con-
servation measure i, in water use sector j, for dimension k,
at time t, to the unrestricted water use in the same sector,
dimension, and time. Values for RFACT are given in Tables
3-1 and 3-2 of section 3.6 for all conservation measures,
for all water use categories, and for average and peak flow
dimensions.

3.2.6 Coverage of Conservation Measure, COVERi

jkt
Coverage is defined as the fraction of water use that is ac-
tually subject to reduction because of some conservation ac-
tivity. The coverage of a conservation measure i, in water
use sector j, for dimension k, at time t, is that fraction
of the water use that is affected by that measure.

Coverage factors vary because some measures apply only to a
portion of the water use within a sector, some measures may
be adopted by only a fraction of users within a sector, and
some measures will be implemented gradually over time or
their effectiveness may change over time. The upper 1limit
of a coverage factor is always 1.0.

Variations in the effectiveness of conservation measures
over time are accounted for by allowing the coverage factor
to vary from the initial coverage (COVERG) by an annual
ratio of change in coverage factor (AROC). Thus, for any
year (KYEAR) after the initiation of a measure, the coverage
factor would be equal to the initial coverage times the an-
nual ratio of change of coverage raised to the power of the
years since initiating the measure minus one. It is mathe-
matically expressed as:

COVER = COVERG * AROC ** (KYEAR - 1.0) (Eq. 3-5)

h .
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where:

COVER = coverage

COVERG = initial coverage

AROC = annual ratio of change factor
KYEAR = year since initiation of measure

Estimates of AROC have been provided for each conservation
measure. In addition, initial coverage values, COVERG, have
been estimated for three levels of a conservation program,
modest, moderate, or maximum efforts, for each of the six wa-
ter use sectors.

3.2.7 Interactions Between Conservation Measures, ACT

When two or more conservation measures are in effect at the
same time, there may be an interaction between them that
causes the effectiveness of the combined measures to be dif-
ferent than both measures considered separately. The inter-
action factor is that number which accounts for the inter-
actions between two or more conservation measures imple-
mented simultaneously. From equation 3-4, the interaction
factor can be defined mathematically as:

EFF - EFF
ACT,, = 12 ! (Eq. 3-6)
EFF2

In most cases, the interaction factor will either be equal
to one (no interaction) or to zero (one measure wholly incor-
porated into another measure). At times, however, the com-
bined effect of two or more measures is different from the
sum of their individual effects, even accounting for wholly
incorporated measures. Values of interaction factors were
determined whenever data were available to justify such a
calculation. When two conservation measures were similar in
nature and an interaction factor could be determined from
collected data for one measure with a third measure, but not
the second measure with the third, the determined interac-
tion was considered to apply in both cases. For instance,
when an interaction factor was determined between toilet
dams and public education, and no data were available to de-
termine an interaction between displacement devices and pub-
lic education, the former interaction factor was considered
applicable in the latter case as well.
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3.3 Input Required

Time data
The first and last year of the study period.
The year of initiating each conservation measure.
For certain measures the year of ending a measure is
optional.

Flow data

The minimum data that needs to be specified is the av-
erage unrestricted daily flow dimension for six wat-
er use categories for the first and last years of
the study period.

The maximum data that can be specified are three flow
dimensions, six water use categories, for five years
of output, including the first and last years of the
study period.

Dimensions
Unrestricted average daily flow
Unrestricted peak daily flow
Unrestricted peak hourly flow

Water Use Sectors
Interior residential
Exterior residential
Commercial
Industrial
Public
Unaccounted-for water

conservation measures (select from)
Low flow showerheads
Shower flow restrictors
Toilet dams
Displacement devices
Flush mechanisms
Shallow trap toilets
Pressure toilets
Dual-flush toilets
Faucet aerators
Faucet flow restrictors
Pressure reducing valves
Service line restrictors
Toilet leak and repair
Reuse/recycle
Metering




Pipeline leak repair

Conservation ordinances (also requires annual rate of
new construction)

Restricted water uses

Rationing (also requires goal established for rationing
program)

Pricing policies (also requires average price ratio -
new to old - for each dimension and use sector,

. price elasticity)
Public education

Coverage
Initial coverage value or choice of modest, moderate,
or maximum program
Annual ratio of change in coverage factor

Other
An option exists for reducing peak hourly flow by reg-
ulating use of exterior residential and public uses to
non-peak time. If this option is used, then the per-
cent of exterior residential and/or public peak hourly
flow to be reduced must be input.

Another option allows the identification of consumptive
use and nonconsumptive use for each use sector and any
or all dimensions. If this option is used, then the
percent of consumptive use for each water use sector
before conservation is input for all desired flow di-

mensions.
3.4 Output
Flow data

Flow with conservation for specified dimensions and
water use sectors in desired years for each measure
and/or all measures combined.

Dimensions (as required)

Average daily flow
Peak daily flow
Peak hourly flow

Water use sectors (as required)
Interior residential
Exterior residential
Commercial

E! Industrial

- Public

¢ Unaccounted-for water
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Effectiveness
Effective water savings and the percent effectiveness
for each dimension, water use sector, and/or for all
sectors combined.

3.5 Conservation Effectiveness Methodology

The methodology for determining the effectiveness of se-
lected conservation measures and the corresponding reduction
in flow from the unrestricted water use is presented in Fig-
ure 3-1. Each of the steps required in this procedure will
be discussed in order.

315} (F15) First, the required unrestricted flow rates for
each water use sector are provided by the user. There are
several options available to the user to provide this unre-
stricted flow data in the form most suitable to his applica-
tion.

The minimum data required are the unrestricted average daily
flows for each use category projected for the first and last
years of the study period. Under this option, the peak flow
dimensions will then be derived from this input assuming
peak daily flow as 1.8 times average daily flow and peak
hourly flow as 3.0 times average daily flow. In addition,
the flow data for intermediate years for which output is
desired will be determined by interpolation. This
interpolation will be accomplished by tae <£following
equation:

N KYEARl)

3 (KYEAR2 = KYEARl)] ** EXPNT (Eq. 3-7)

FLOWN = FLOWl + [FLOWZ-FLOWIJ*E(KYEAR

where:

FLOWN flow for desired year

FLOW, flow in first year of study period

FLOW flow in last year of study period

KYEARN = desired year

[

KYEARl first year of study period




[ Input or Retrieve Unrestricted Design Fiow Data]

e
Yy«

["2. Select Base Year and Time Windows |
i 5

L A

3. Select Water Use Dimension
{Optional-Reduction in Peak Hourly Flow)
(Optional-Consumptive/Nonconsumptive Use)

K 7

|4. Select Water Use Sectors|

P
y<

((5. Select Water Conservation Measure |

Y

6. Indicate Year Measure 15 Initiated
(Optionai-Later Discontinuance of Measures 16, 21)

7. Retrieve or Input Data for Variable RFACT Vaiues
(Measures 16. 19. 20 only)

Ay

| 8. Retrieve RFACT tor Measure from RFACT Matrix|

[9. Input Data for Variable COVER Values (Measure 17 on'vy

10. Seiect COVERG Value or Use
Modest, Moderate, Maximum Program Values

|11. Retrieve AROC. COVERG from Coverage Matrix|

A
| 12, Determine COVER for Time Window |

[ 13. Evaiuate EFF for Measure |

| 14 Are More Measures to be Considered? Yes
| 15. Retrieve ACT values from Interaction Matrix |
| 16. Caicuiate Overall EFF Sector }
['7. Are More Use Sectors to be Considered?}— :’_‘]Yesl
| No]

| 18. Sum EFF for all Use Sectors Within Dimension |

y

[19. Are More Dimensions to be Considered?
20. Caiculate Flow Rates with Conservation
for all Dimensions

T

|21. Are More Time Windows to be Considered?

| 22. Put Data into Output Device |

FIGURE 3-1 WATER CONSERVATION EFFECTIVENESS PROCEDURES
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KYEAR

2 last year of study period

EXPNT

interpolation exponent

If the user provides no other input, EXPNT will be assumed
to be 1.0 and the interpolation will be linear. However,
the user may specify a value for EXPNT in order to describe
the curve for projected flow between the first and last
years. For assistance in selecting values of EXPNT, Figure
3-2 shows how flow will vary with time for selected values
of EXPNT.

A second option for the user to input unrestricted flow data
would be to specify the average daily flow for as many as
three additional years in addition to the first and last
years of the study period. Should determinations be re-
quired for any additional years other than those specified
under this option, unrestricted flow will be determined by
linear interpolation. Peak flow dimensions will be derived
from average daily flow as described above.

The third and fourth options for inputting unrestricted flow
are variations of the two options described above; however,
all three dimensions of flow are specified by the user.
Thus, the third option would involve specifying average,
peak daily, and peak hourly flow for the base and design
year and selecting the exponent for interpolation between
these two times. The fourth option would consist of specify-
ing average, peak daily, and peak hourly flow for the first
and last years and up to three additional years. If other
flows are required, they will be determined by linear inter-
polation.

3.5.(2) The user next inputs the first year and all future
years for which he desires to have the conservation effec-
tiveness evaluation conducted, up to a maximum of five.
These future years for which output will be developed are
designated as time "windows" and will generally include the
end of the study period being considered by the user as well
as any intermediate periods of interest. The first year
would generally be the same year as the initial implementa-
tion of any conservation program. The last year would be
the final year under consideration and would frequently be
the basis for design of some important component under de-
sign by the user. After designation, the conservation effec-
tiveness module will proceed to evaluate the earliest future
time window.
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3.5.(3) The user indicates the dimension (average daily

flow, peak daily flow, or peak hourly flow) to be consid-
E ered. If peak hourly flow 1is considered, the user can

choose to implement an option that simulates a community re-
ducing its peak hourly flow by requlating the time of day
that lawn watering and/or municipal use can occur. When im-
plemented, the user would input a percentage of the exterior
residential and public use categories by which the peak hour-
ly flow would be reduced as a result of regulating the time
of their use. This percentage would then be removed from
the peak hourly flow for those use categories before subse-
quent determinations. Thus, the peak hourly flow consider-
ing this reduction but before accounting for any other con-
servation measures will be equal to:

PHF = PHF .- $(ER) PHF o - UL PHF )
100 100 (Eq. 3-8)

where

PHF = unrestricted peak hourly flow

$(j) = percent peak hourly flow reduction in use

sector j

T = total use

ER = exterior residential use sector

M = municipal use sector

If the user desires to differentiate consumptive use from
non-consumptive use, he may input the percent consumptive
use before conservation for each of the six water use sec-
tors for each dimension of concern. All conservation meas-
ures, except recycle/reuse, will act proportionally on con-
sumptive and non-consumptive use within a water use sector.
For reuse/recycle, all of the reduced volume of water will
come from the non-consumptive category.

3.5.(4) The user selects which of the six water use sectors
(interior residential, exterior residential, commercial, in-
dustrial, public, or unaccounted for) is to be evaluated or
whether all sectors are to be evaluated.

2.5.(5) The user next selects the specific conservation meas-
ure to be evaluated.




3.5.(6) The year for which the conservation measure is to be
initiated must be provided as input for any measure. If no
information is provided, the first year will be assumed. For
the conservation measures of public education and/or pipe-
line leak repair, it is also possible to consider discontin-
uing the measures after having them implemented for a period
of time. This can be used to simulate the effect of not re-
newing the funding for a public education program, as a grad-
ual loss of effectiveness after the discontinuance of this
measure has been included in the methodology. This is accom-
plished by changing the annual ratio of change factor, AROC,
(described in Section 3.2.6) after the year of discontinuing
the measure. If this option is to be exercised for these
measures, both the year of initiation and the year the pro-
gram is ended must be designated. For pipeline leak repair,
the percent of unaccounted-for water use will gradually in-
crease from the level existing when the measure was discon-
tinued to the original unrestricted unaccounted-for water
use projections.

3.5.(7) Conservation measures for pipeline leak repair,
rationing, and pricing policy require additional input to de-
termine the appropriate RFACT. The RFACT for pipeline leak
repair is applied only to the unaccounted-for water use cate-
gory and is determined from the users description of how ef-
fective such a program is expected to be in reducing unac-
counted-for water use and how long it will take to achieve
these reductions. The user provides the percent unaccounted-
for water expected to be achieved by the leak detection pro-
gram and the year in which this goal will be met. For inter-
mediate years between the enactment of the pipeline leak re-
pair measure and the achievement of the percent unaccounted-
for goal, an intermediate percent unaccounted-for will be
determined by 1linear interpolation, and the RFACT required
to achieve that will be calculated. For the year when the
percent unaccounted-for goal is achieved, and all subsequent
years for which the pipeline leak repair measure is in ef-
fect, the RFACT calculated will be that necessary to main-
tain the percent unaccounted-for goal.

For the rationing conservation measure, the actual reduction
achieved is very dependent upon the goal that is to be accom-
plished by the measure. Because rationing is generally in-
stituted as a last resort in emergency conditions, it is usu-
ally expected to accomplish an immediate and considerable re-
duction in water use. For goals between 25-50% reduction,
the actual reduction achieved as reported in the literature




has generally been close to the goal that was established.
When utilizing the rationing conservation measure, the user
will be required to input directly the reduction factor to
be achieved by the rationing measure (a uniform goal for all
water use categories except unaccounted-for water use, which
is unaffected, may be provided or different goals may be in-
dicated for different use sectors).

For the pricing policy measure, the fractional reduction of
water use for the four use sectors subject to pricing (inte-
rior residential, exterior residential, commercial, and in-
dustrial) is found by the following expression:

RFACT = 1.0 - [PRRATE] ** ELAST (Eq. 3-9)

(PP)
where:

RFACT(PP) = reduction for pricing policy for
water use and dimension

PRRATE = price ratio of new to old prices
faced by users in use sector and
dimension

ELAST = price elasticity of demand for use

sector and dimension

This expression has been used in "The Evaluation of Water
Conservation for Municipal and Industrial Water Supply," Vol-
ume II prepared for the U.S. Army Corps of Engineers, Insti-
tute for Water Resources, February 198l. (Source number 171
in Bibliography, Part 7.0)

The user would then be required to input the average values
of PRRATE faced by users in each use sector for the dimen-
sion under consideration as well as the estimated price elas-
ticity. ©No default value is provided for elasticity, so the
user is required to input a value if he chooses to use this
option.

3.5.(8) At this stage, the fractional reduction factor,
RFACT, for the conservation measure, dimension, and use sec-
tor being evaluated, will be retrieved, either from the ma-
trix of RFACT included within the conservation effectiveness
module or from one of the determinations described in (7) a-
bove.
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3.5.(9) The conservation ordinances measure requires addi-
tional input by the user to determine its appropriate cover-
age factor. This measure reflects the gradual introduction
of water saving fixtures into new construction as the result
of promulgated ordinances. Thus, the coverage will gradual-
ly increase from an initial value of zero with the rate of
increase in coverage depending upon the annual rate of new
construction., Thus, the user must provide a rate of new con-
struction for the residential, commercial, industrial, and
public use sectors. The annual ratio of change in coverage
factor AROC will then be determined as 1.0 plus the annual
rate of new construction, and the coverage factor for the
conservation ordinance for any year after initiation of the
measure will be evaluated as:

COVER o5, = 1.0 - 1.0

(1.0 + CNSTRT) ** (KYEAR - 1.0)

(Eq. 3-10)
where:
COVER(CO) = coverage of conservation ordinance
measure

CNSTRT = fractional rate of new construction
KYEAR = year

3.5.(10) For all measures other than conservation ordi-
nances, the 1initial coverage factor that will be applied
will depend upon the level of emphasis that is to be pro-
vided for the conservation program instituted. Suggested
initial coverage values for each measure are provided for
three levels of conservation programs indicated as modest,
moderate, or maximum. These values have been selected based
upon knowledge of a number of conservation programs and a
limited amount of data available in the literature. It is
recognized, however, that a continuity of possible levels of
emphasis exist, so the user is encouraged to input his own
initial coverage value using the values provided for modest,
moderate, and maximum conservation programs as a guide.

3.5.(11) At this stage, the annual rate of change of cover-
age factor, AROC, for the measure under consideration will
be retrieved from the coverage matrix. If the user selected
a modest, moderate, or maximum program in step (10), then
the initial coverage value (COVERG) appropriate for that pro-
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gram, and the measure and water sector under evaluation will
also be retrieved from the coverage matrix.

3.5.(12) The coverage factor for the time window being evalu-
ated will then be determined. The coverage factor for any
year after the initiation of a measure will be determined by
equation 3-5 for all measures except conservation ordi-
nances, which will be calculated by equation 3-10. The maxi-
mum value of a coverage value that will be used in the algo-
rithm is 1.0.

3.5.(13) The effectiveness (EFF) of the measure for the wa-
ter use sector, dimension, and time period being evaluated
will be calculated by equation 3-1.

3.5.(14) If additional measures are to be considered within
the same use sector, the user will input the next measure
and return to step (5).

3.5.(15) When all measures within a use sector have been con-
sidered, appropriate interactions between measures will be
determined from the interaction matrix.

3.5.(16) The overall effectiveness of all measures within
the water use sector will be determined based upon the inter-
actions obtained in (15). For two measures, 1 and 2, where
EFF > EFFZ, the overall effectiveness will be deter-
min%d as by “equation 3-4. For three measures, 1, 2, and 3,
where EFF > EFF2 >EFF3, the overall effectiveness
will be def%rmined as?t

EFF = EFF,+ ACT,,* EFF, + ACT,,* ACT,,*EFF
123 1 12 2 13 23 3 (Eq. 3-11)

Similar determinations are made for greater than three meas-
ures.

3.5.(17) If additional water use sectors are to be consid-
ered within the same dimension, the user will have to input
the next use sector and return to step (4).

3.5.(18) when all water use sectors desired within a dimen-
sion have been considered, the total reduction obtained in
all sectors will be summed to determine the reduction in the
dimension.
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3.5.(19) If additional dimensions are to be evaluated during
the same time window, the user will input the next dimension
and return to step (3).

3.5.(20) When all dimensions desired during a time window
have been evaluated, the flow rates with conservation for
each dimension will be calculated.

3.5.(21) If additional time windows are to be considered,
the conservation effectiveness module will return to step
(3).

3.5.(22) When all desired time windows have been evaluated,
all data will be placed in the appropriate output device.

3.6 Conservation Measures

Low Flow Showerheads refer to showerheads designed to oper-
ate instead of a conventional showerhead and that will limit
flowrates to 3 gpm* or less. The method utilized to reduce
flow is not a consideration in this definition and this meas-
ure can be part of new construction or retrofitting. Reduc-
tions from low flow showerheads occur only in the interior
residential and public water use categories.

Shower Flow Restrictors are devices which are inserted be-

tween the existing conventional showerhead and the shower-
head arm. They are an addition to the shower apparatus and
are generally only retrofitted to existing systems. Reduc-
tions from shower flow restrictors occur only in the inte-~
rior residential and public water use categories.

Toilet Dams are devices inserted into toilet tanks in or-

der to hold back a portion of the water normally used for
flushing. Reductions from toilet dams are considered as oc-
curring only in the interior residential water use and commer-
cial categories. Although there would be some unknown reduc-
tion in industrial use sectors from the use of toilet dams
(or any toilet-related device), it 1is believed that this
would be a very small portion of that sectors' total use.
1t is certain that the emphasis of toilet-related
conservation measures is directed almost exclusively towards
residential, commercial, and public use.

* A table of factors for converting U.S. customary units of
measurement to metric (SI) is presented on page vi.
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Displacement Devices are space-occupying objects such as

bricks or plastic bottles which reduce the volume of water
normally used for flushing by displacement rather than dam-
ming. Reductions from displacement devices occur only in
the interior residential, commercial, and public water use
categories.

Flush Mechanisms include the wide variety of devices which
change the mechanical operation of the conventional toilet
in some manner so as to reduce the volume of water used in
flushing. These would not include dual flush devices or oth-
er mechanisms which require the user to change his habits
but only those devices which would operate automatically.
Reductions from flush mechanisms occur only in the interior
residential, commercial, and public water use categories.

Shallow Trap Toilets are toilets specifically designed to

function similarly to conventional toilets but which utilize
3.5 gallons or 1less of water per flush. They 4o not re-~
quire any modifications of user habits or use a flushing
mechanism other than water. Reductions from shallow trap
toilets occur only in the interior residential, commercial,
and public water use categories.

Pressure Toilets use compressed air to assist in the flush-

ing action and generally restrict water use to less than 1
gallon per flush. They may or may not be designed to oper-
ate similarly to conventional toilets and may involve modifi-
cation of user habits. Reductions from pressure toilets oc-
cur only in the interior residential, commercial, and public
water use categories.

pual Flush Toilets have been designed to deliver two dif-

ferent quantities of water for liquid waste flushing and for
solid wate flushing. They can be designed to appear similar
to conventional toilets but reguire user habit modifications
for the flushing mechanism to be effective. Reductions from
dual flush toilets occur only in the interior residential,
commercial, and public water use categories.

Faucet Aerators are water-saving devices which reduce flow
rates to less than 3 gpm that are designed to replace conven-
tional aerators. They can be used in either new construc-
tion or retrofit situations. Reductions from faucet aera-
tors occur only in the interior residential, commercial, and
public water use categories.
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Faucet Flow Restrictors are devices which are inserted in-
to the faucet to restrict the flow of water. They are an
addition to the faucet structure and are generally only ret-
rofitted to existing systems. Reductions from faucet flow
restrictors occur only in the interior residential, commer-
cial, and public water use categories.

Pressure Reducing Valves are devices which are inserted in-
to service pipes that can be adjusted to reduce water pres-
sure below the pressure delivered by the water utility. They
then result in reduced flow rates through water faucets and
appurtenances. Reductions from pressure reducing valves oc-
cur in the interior residential, exterior residential, com-
mercial, industrial, and public water use categories.

Service Line Flow Restrictors would include any restric-
tors inserted into water pipes or appurtenances other than
those used in showers and faucets. Reductions from service
line flow restrictors occur in the interior residential, com-
mercial, industrial, and public water use sectors.

Toilet Leak Repair would include all concerted activities
directed toward discovering and eliminating leakage in toi-
lets. The most common techniques are the use of dye tablets
or food coloring. The toilet leak repair conservation meas-
ure would consider reduction as the result of a management
measure advertising, publicizing, or distributing the use of
tablets, etc., and not the normal leak repair that could be
expected without any action being taken by a management agen-
cy. Reductions from toilet leak repair occur only in the in-
terior residential, commercial, and public use sectors.

Commercial/Industrial Reuse and Recycle refers to actions
taken by industries and commercial establishments to recycle
water or reuse water in their processes. Reductions from re-
use and recycle measures occur in the commercial and indus-
trial water use sectors.

Water Metering consists of the monitoring and charging for
water based upon the volume used by the customer. The prac-
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